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2, 2,--i,  7, 7 , 10,12, 12-OctanitreJi,  10-diasa— ■ tridecane 


N,N»«jMa(3,3,3-Trlnitrapropyl)  oxand.de 
N,N»-Oinitro-lltN,-bis(trinitrcprcpyi) 
l»  1»5# 8# 8 Kaxanltro-3-oxa  Ji  -keto-$«eaawpoaai» 

» 9»9 1 ^ptanltro-3-cirap4i-k»tcv-g  ,7-dtaaa-decane 
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I.  SUMMARY 

A.  This  quarterly  report  Is  outwitted  under  Contract  N7onr  4*6208  and 
covers  the  period  1 May  through  31  July  1953  .*  The  objectives  of  the 
contract  are  threefold! 

1.  Synthesis  and  physical  studies  of  new  high-energy  polynitre 
compounds  is  potential  explosives. 

2.  Desensitiaation  of  RDX  with  materials  that  will  not 
lewrer  the  oxygen  balance  appreciably. 

3.  Development  of  bomb  and  shell  casings  made  of  an 
explosive  plastic. 

B . The  wn  iaportant  results  and  conclusions  are  presented  below* 

1.  Seven  polynitrocarbamateB  were  synthesized: 

. « 

a.  2,2,9,9-Tetranitro-U-oxa-5-keto-6-a»a-decane  (I) 
from  3 , 3-dinitrobutyI  isocyanate  and  2 , 2 -dinitropr opanol . 

b.  l,l,l,8,8-Fantanitro-3-oxa«U-keto-5-aaa-nonane  (H) 

from  3i3-dinitrobutyl  isocyanate  spd  2, 2, 2-trinitroethanol. 

c,  2,2,9, 9,  9-Pentanitro-U-coca-5-k»to-6-aca-nonane  (III) 

from  3,3, 3-trinitropropyl  isocyanate  and  2, 2-dinitropropanol. 

d,  1, 1, 1, 8, 8, 15, 35, 15  -0c  tani  tro-l* , 12 -diaz a-5 , 11-dike to- 
6, 10-dioxa-pentadeeane  (3V)  from  3,3,3-trinitropropyi  isocyanate  and 

2. 2 - dinitr o-l, 3 -propanediol, 

a.  1,1,1,8,15,15,  l5-Hept&nitro-3 , 13-dioxa-Ji,  12 -dike tc- 

5, 8,  U-triaza-pentadecane  (V)  from  3-nitraza-l,5-pentane  diisocyanate  and 

2.2. 2- trinitroethanol . 

f.  1, 1, 1, 8, 8 , 3 0, 12 , 12 , 19, 19,  l?-JJndecanitro-3 , 17  -dioxa- 
U,l6-diketo-5,10,l5-triaza-nonadecane  (VI)  from  3,3,5,7,7-pentanitro-5-*zs- 

g.  l,l,l-Tr±nitro-3-oxa-U-keto-5-aza-hexane  (VII)  from 

methyl  isocyanate  and  2, 2, 2-trinitroethanol. 


Previous  work  on  this  contract  was  covered  in  Aerojet  Reports  No.  512,  536, 
562,  589,  621,  637,  660,  682  and  7n. 
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2.  Seven  postni+reted  polynitrocarbamates  wore  prepared: 

a.  2, 2 ,6, 9, 9-Pent«nitro-U-oxa-5-keto-6-«a-decane  (VIII) 
by-  the  nitration  of  I. 

b.  l,l,l,5,8,3-Rexanitro-3-oxa-U-lceto-5-asa-nonane  (H) 
by  the  nitration  of  II. 

c.  2,2,6, 9t 9i 9-HeK«nitre-U-o*a^«!»to-6-aaa<-aoaai»  (X) 
by  the  nitration  of  III. 

d.  l,l,l,U,8,8,12,l5,l5,l5-Decanitro-U,12-dia*a-5,ll-dlketo- 
6, 10-dioxa-pentadecane  (XI)  by  the  nitration  of  IV. 

e.  l,lfl,5,8,n,lS,l5,l5^onanitro-3,13-dio(xaJi,12-diketo- 
5, 8,11-triasa-pentedecane  (XII)  by  the  nitration  of  V. 

f.  1,1,1,5,3,8,10,12, 12, 15,19, 19,19-Tridecanitro- 

3, 17 -dioxa-ii, l6-dike to-5, 10, l5-triasa-nonadecane  (XIII)  by  the  nitration  of 
VI. 

g.  l,l,l,5-Tetranitro~3-oxa-l*-keto-5-&aa-haxane  * 

(XIV)  by  the  nitration  of  VII. 

3.  Four  aliphatic  polynitronitratea  were  prepared  by  the  ‘ 

nitration  of  the  corresponding  alcohols: 

a.  li,U-Dinitro-l, 7-hep tanedinitrate  (XV) 

b . L.U.6, 8, 8-Fentanitro-l, ll-undecanedinltr-ate  (ZVI) 

0,  k,U,6,6,8,8-Hexanitro-l,ll-undeeanedinitrate  (XVH) 

d.  U,U,  6, 8, 8-Pentanitro-6-aaa-l,  11-undeoanedinitrate 

(xvm). 

U.  Six  polynitroaadne  salts  were  prepared  by  treating  the 
corresponding  isocyanates  with  dilute  nitric  or  hydrochloric  acid. 

a.  3,3-Dinitrobutyl  ammonium  nitrate  (XU) 

b.  3, 3-0initr o-l,  5-pentane  dl ammonium  dinitrate  (XX) 

i 

c.  3-Nitra*a-l,  5-pentane  dianmoniua  dinitrate  (XXI) 

d.  3,6-Oinitraza-l,8-ootane  diammonium  dinitrate  (XXII) 
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dinitrate  (XXIII) 


e.  3 , 3 , 5 , 7 , 7 -Pentanitro-5-aaa-l , 9-nonane  dianmonlun 


f . 3 , 3 , 5 , 7 , 7 -Rentani tro-5-«»a-l ; 9-nonane  di  ammonium 

dihydrochloride  (XXIV) . 


5.  The  following  ssspies  were  prepared  and  submitted  to  the 
Naval  Ordnance  laboratory  for  evaluation  as  potential  explosives* 


a*  1,1,1, 5, 8, 8-Hexanitro-3-oxa-U-kBto-5-o*  a-nonane 


decane 


b.  1,1, 1,5, 7, 9, 9-Heptanitro-3-oxa-U-keto-5, 7 -diaia- 


c.  U, 1,6,8,  8-Pentanite  o-l,  11-undecanedinitrate 

d.  b,b,6,6, 8, 8-Hexanitro-l,  11-undecanedinitrate 

a.  U , li , 6 , 8 , 8-Pentani tro-6-a*a-l,  11-undecanedinitrate 


f.  2,2,6,9,9-Pent*nitro-U-cixa-5-kBto-6-a»a-<iecane 

g.  2,2,6,9,9,?4Iexanitro-U-oxa-5-«eto-6-a»a-nonanB 


h.  l,l,l,U,8,8,12,l5,l5»15>-Dec«iitro-U,12-diaxa- 
5 , 11-dike to-6 , 10-diox a-pentadec ane 


i.  1, 1,1, U, 13,16, l6,l6-0ctanitro-U,13-di ala- 

5,  12 -dike to-6, ll-dlox a-8-hex adecync 


.1.  l,l.l,5;8.11,l5,l5,lS-Nonanitro-3,13-diox8- 

U , 12-diketo-5, 8,  U-triasa~pentadeoane 


1c.  1,1,1,5.8,8,10,12,12,15,19, 19,19-Tridecanitro- 

3 , l7 -dioxa-U , l6-diketo-5 ,10, 15-tri as a-nonadecane 


1*  3 , 3-Dinitrobutyl  annoniua  nitrate 


m.  3# 3-Dinitro-l, 5-pentane  dianmonlun  dinitrate 

n.  3-Nitra*a-l, 5-pentane  dianmonlun  dinitrate 


dinitrate , 


o.  3,6-Dinitraia-l,  8-octane  dianmoniun  dinitrate 

p.  3, 3, 5, 7, 7 -Pentanitro-5-asa-l, 9-nonane  di ammonium 


The  preliminary  evaluation  of  some  of  these  compounds  is  described. 
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compounds: 


6.  SPIA  data  shaeta  hare  been  completed  oa  the  following 


a.  1. 3 -bis ( 3 1 . 3 1 . 3 1 -Trlnitropropyl) -$« 5-dinltro- 

hexahydro-1,  3-diasine 


l,3,$-triasine 


decane. 


b,  1. 3,$-trle  (3'.3>.3I  -Trlnl tropropyl ) -hexahydr o- 

o.  2,2,$,7f7,9,12,12-Oetanltro-$,9-diasa-trldecane 

d.  2,2,U,7,7,10,12,12-0ctanitro-Uf10-diasa-trideoane 

e.  N.N1 -bia (3, 3. 3-Trinl  tropropyl)  oxasd.de 

f.  NtN,-Dinitro-N,Hl-bia(3»3.3-trlnltropropyl)  ox amide 

g . 1.1.1,$.  8, 8-Haxanitro-3-oxa-lL-keto-5-««a-naMine 

h.  1, 1,1, 5,7,9, 9-Heptanitro-3-oxs4i-!ceto-5f  7 -di  a*  ar- 


il. 'BCHNICAL  PROGRESS:  STNTHBS33  CP  SEN  HJSm  EXPLOSIVES 

A.  INTRODUCTION 

1.  The  present  explosives  program  ie  directed  toward  the 
synthesis  of  new,  stable,  high-energy  polynitro  compounds  with  a preferred 
oxygen  balance  on  the  positive  side  or  very  near  aero  on  the  negative  side. 


2.  This  report  describes  the  synthesis  of  aliphatic  polynitro- 
^ carbamates,  polynitronitrates,  and  polynitroamins  salts. 

B.  PREPARATION  OP  ALIPHATIC  POIITTCTROCARBAlttlBS 

1.  Discnssicn 

a.  The  preparation  of  aliphatic  polynitrocarbamates  for 
evaluation  as  high  explosives  has  been  previously  reported."  Inis  work  has 
new  been  extended  utilising  the  new  isocyanates  and  alcohols  prepared  on 
the  nitropolymer  program.  The  following  aliphatic  polynitrocarbamates  were 
synthesised. 

^Aerojet  Reports  No,.  $62,  $89,  and  621. 
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(1 ) 2,2,9, 9-Tetranitro-U-oxa-S-to to-6-aaa-decane 

(I)  frets  3, 3-dinitrobutyl  isocyanate  and  2 , 2 -dinitr opr opanol : 


'2  Kz  NOg  H NOjj 

CH3(j)CH2CH2NCO  ♦ HOC^^CHj > CHj^CHgC^NCOgCHgCCRj 


NO- 


no. 


no. 


(2)  1,1, 1, 8, 8-Pentanitro-3-oxa-U-k«to-5-a«a- 

nonane  (II)  from  3 * 3-dinitrobutyl  isocyanate  and  2, 2, 2-trinitroethanolt 


CH^CHgCHgNCO  ♦ H0CK,C(N02)3- 
52 


f2  « 

CHjCOBjOHjffiajCajCdlOjJj 

V 

II 


(3)  2 , 2 , 9, 9, 9-Pen tanitro-U-oxa-5 -keto-6-aaa- 

nonane  (III)  frets  3,3, 3-ti‘initropropyl  isocyanate  and  2, 2-dinitropropanol: 


f2  ? ?°2 

(NOgJ^CHgCHjNCG  ♦ HOCHgOCHj > (NOg^COT^togCHgttHj 

**2  NO* 

in 


(U)  1,1,1,6,5,15, 15 , 15-Ow  tiiii  Wo— U , 12-diaza- 

5,ll-diketo-6,10-dioxa-pentadscane  (IV)  from  3,3,3-trinitropropyl 
isocyanate  and  2 , 2 -dinitro-1 , 3 -propanediol * 


2(no2)3cch2ch2ndo 
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(I)  l,l,l,8,l5.l5,l5-Heptanitro-3,13-dioxa. 

4 , 12-diketo-5 , 8 , ll-triaaa-pentadec ane  (?)  from  3-nitrasa~l,5-pantane  di iso- 
cyanate and  2,2, 2-trinitroethanol i 


P*n  _ _n 


a — ICHgCHgNCOj  ♦ 2H0CH2C(N02)3- 


eft 


r h 


CH2CH2ic02CH2C(!»2)3 


(6)  1,1.1.8,8,10,12,12, 19, 19,19-Ondecanitro- 

3 , l7 -dloxa-U, l6-dltaeto-$, 10, lg-triaaa-nocadecana  (VI)  free  3,3,5,7,7-penta- 
nitro-5-asa-l, 9-nonane  diisocyanate  and  2, 2, 2-trinitroethanol: 


^(cHg^GHjlino)  ♦ 2H0CH2C(N02)3 > 4—  CH-C (M02 ) JJ 


VI 


(7)  1,1, l-Trinitro-3-oxa-h  -keto-5 -as a-hexane 

(VII)  from  methyl  isocyanate  and  2,2,2-trinitroethanoli 


H 


CH3HD0  4 H0CH2C(NO2)3 ^CHjAoOgCHgCOlC^ 


vn 


2,  Experimental 

The  general  procedure  employed  was  to  reflux  for  about 
8 hr  equivalent  quantities  of  the  isocyanate  and  alcohol  in  dry,  alcohol- 
free  chloroform  with  a catalytic  amount  of  ferric  acetylacetonate.  The 
solution  was  then  evaporated  to  dryness  in  vacuo  leaving  a quantitative 
yield  of  product.  Compounds  IH,  V,  and"Tfl  are  white  crystalline  solids 
and  Conpounda  I,  II,  IV  and  VII  are  oils , No  attempt  was  made  to  purify 
the  oils,  inasmuch  as  they  could  be  satisfactorily  nitrated  to  give  the 
desired  postnitrated  polynitrocarbiaiat-cs » The  results  srs  summarised  is 
Table  I, 


i 


Collucci,  Can.  J.  Research  23B.  Ill  (l?U$). 
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C.  PREPARATION  CF  POSTNITRATED  ALIPHATIC  POLYN ITROGARBAliATES 
1,  Discussion 


a.  The  following  postnitrated  aliphatic  polynitrocarbamates 
were  prepared  by  the  nitration  of  the  nitrocarbamates  described  in  Section  I,B 
with  a mixture  of  10056  nitric  acid  and  acetic  anhydride  at  5 to  10°C, 


(VIII): 


(l)  2,2,6, 9, 9-PentanitroJi-oxa-5>-keto-6-aza-decane 


f 2 ? f 2 HNO3  f 2 f 2 f 2 

C^CC^CHgNCOgCHgCCHj  "Ae~o'>  CHjCC^CHjNCOgCHgCCi^ 


NO, 


NO, 


i\on 


NO, 

c 


VIII 


5-aza-nonane  (IX): 


NO. 


(2)  l,l,l,5,8,8-Hexanitro-3-oxa-U-keto- 


Vw2  ‘f  HNO3  ?°2  ?°2 

CHjdc^cHgiK^CH^NOg^ — A--g->  ch36ch2ch2nco2ch2C(no2)3 

wn  * an 


n 


n 


(3)  2,2,6, 9, 9, 9-Hexanitro-U-oxa-5-keto-6-azaHionane  (X): 


(4)  l,l,l,U,8,8,12,l9,l5,35-Decanitro-U,12-diaza- 

5, ll-dikBto-6, 10-dioxa-pentadecane  (XI): 


H 


j(N02  )3CCH2CH2^iC02CH2 
IV 


V°2  HNO, 

1 AcgO  * 
NO, 


V°2 

(NOg^CCHgCHgNCOgGHg 
XI 


F>2 

34. 
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. (5)  1,1,1, 5. 8,11.15,15, lf>-Ifoiianitro-3,  li-dioxa- 

u,12-dikoto-?-8,U-tria*a-pentadecane  (XII) : 


, (6)  1, 1, 1, 5, 8, 8, 10, 12,12,1$,  19, 19, 19-Tridocanitro- 

3 , l7 -dioxa-U, l6-diketo-5 , 10, lS-triaia-nonadecane  (XIII): 


N02r- 

V 


- fa  ? 1 HSO,  f%r  F*  fi 

TO  pto  TO  nnn  to  i</im  \ I ~ v » L..  J — .<...  * 

JiY|  ^““2* — 2 “‘2" v ""2 '3 1 A«_n  ' " — |^noywv^«w0u^uvMu0) 


N0„ 


* iC2°  L 'k 


VI 


fljyungOUgJiWgUiigU  vhu2 
2 

IIII 


hexane  (XIV): 


(7)  l,l,l,*5-Tetranitro-3-uxa-ii-keto-5-a*a- 


? HNO3  ?°2 

ch3Nco2ch2c(no2)3— ch3nco2ch2c(no2)3 


VII 


XIV 


2.  Experimental 

a.  The  general  procedure  used  waa  to  cool  the  10Q5C 
nitric  acid  to  0 to  5°C  and  add  the  acetic  anhydride  dropwise,  keeping  the 
temperature  below  10°C.  The  solid  nitrocarbamate  was  added  portionwise  at 
5 to  10°G.  (Ten  ml  of  100 % nitric  acid  and  10  ml  of  acetic  anhydride  was 
used  per  gram  of  nitrocarbamate .)  The  solid  dissolved  readily,  and  the 
solution  was  stirred  for  20  min  at  $ to  10°C  and  poured  on  ice.  The  white 
solid  was  collected,  washed  with  water,  and  dried  in  vacuo  over  potassium 
hydroxide. 


b.  In  the  Instances  in  which  the  nitrocarbamate  was 
an  oil  (Compounds  I,  II,  IV,  and  VII),  the  oil  was  dissolved  in  the  acetic 
anhydride  and  the  solution  was  added  dropwise  to  the  100JC  nitric  acid, 
keeping  the  temperature  at  $ to  10°C, 
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c.  The  experimental  results  are  summarised  in  Table  II, 
D.  PREPARATION  OF  ALIPHATIC  POIimRONITHAlES 
1,  Discussion 


a,  A number  of  polynitrodiols  have  been  synthesise*!  on 
the  nitrcnolyner  program  as  intermediates  for  the  preparation  of  condensation 
polymers.  It  ws  of  interest  to  the  explosives  program  to  convert  these 
polynitrodiols  to  the  corresponding  polynitrodinitrates  and  evaluate  these 
compounds  as  high  explosives.  Accordingly,  the  following  nitrates  were 
prepared:  U, U-dinitro-1, 7 ■iheptane-dinitrate  (XV),  U,U,6,8,8-pentanitro- 

1,11-undecanedinitrate  (XVI),  U,'U,6,6,8,8-hexanitro>l,ll>undecanedinitrate 
(XVH),  and  U,U,6,8,8-pentanitro^>asa-l.ll<«ndecanedinitrate  (XVIH). 


r°2 

C— 

I 

NO. 


joHjCHgCHgCHj 


HO. 


HNO,  ‘Ti r* 

2 > C—  CH.CH-CW  OHO, 


L L‘  £ 


nv. 


up  * 73  to  7U°c 


XV 

ap  - 27  to  28°C 


“1  HNO,  f°2  f ?°2 
CH^CHjCHI  C — JCHjfCH 


ICHj^C^CHOg 


mp  - 109  to  110°C 


H l—  HO, 

XVI 

op  ■ 73  to  75°C 


T°*r  F*  ] ftrft  1 

^jCHgteHgC^CHjCHj C — jCHjWHgCHgCHjONOg  ’ 


np  - 125  to  125.5°C 


XVII 

mp  - 100  to  101°C 
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nip  - 106  to  108°C  mp  - 133  to  13$°C 


b.  Generally  nitrates  have  a lower  melting  point  than  the 
corresponding  alcohols.  This  is  confirmed  by  the  behavior  of  Compounds  XV,  XVI, 
and  XVII,  which  melt  2$  to  36  degrees  lower  than  the  diols  from  which  they  were 
prepared.  However,  Compound  XVIII  melts  27  degrees  higher  than  the  corresponding 
diol,  a significant  factor  which  oust  be  attributed  to  the  presence  of  the 
nltramino  group.  This  is  of  interest  because  it  is  believed  that  there  is  a 
correlation  between  the  melting  point  and  thermal  stability  of  an  explosive,  the 
higher-melting  compound  being  more  stable  provided  that  other  factors  are  the  same. 

c.  Nitration  of  3, 3-dinitro-l, 5-pen tanediol  (mp  71  to  72°C), 
2,2,U,U,-tetranitro-l,5-pentanediol  (mp  97  to  99°C),  and  2, 2-dinitro-l; 3-propane- 
diol (mp  ca.  lUO°C)  gave  oils  which  were  not  investigated  further. 

2,  Experimental 

The  general  procedure  was  to  add  the  solid  polynitrodiol  by 
portions  to  a tenfold  excess  of  100£  commercial  nitric  acid  at  ice-bath  tempera- 
ture. The  acid  solution  was  stirred  for  15  min  at  J>  to  10°C  and  poured  on  ice. 

The  white  solid  was  collected,  washed  with  water,  and  dried  in  vacuo  over 
potassium  hydroxide.  The  results  are  summarised  in  Table  ifTT  ~ 


pub*  m 

aliphatic  rovDtmmrmna 

Analye— 


Calculated  Calculated 
Heat  of  Combustion  Uod-Bloek  Nmlliatle  Uorter 


Hold 

CopBwund  % 

*>M  °C 

JUaryatOllaatlon 

Solvent 

Caloui-Ui 

F Omul  a 4 u'  H 

— rsa 

— c — r — r~ 

e»l/i 

Calm'd 

Talma 

Foal  (RTI  - 157) 

Talna 

(TOX  - ISO) 

A.7 

’»2  * 

27-ja 

Uethanol 

2w93  3.98  17.95 

77.17  Ljj  uao 

3103 

JOBS 

120 

132 

?3-?5 

Vi7*7°ia  19.U8 

26.79  3AL  19.19 

- 

- 

126 

137 

- 

100-101 

Ua^uwidl 

CU81S!18018  *.<*».*  10.M. 

ft.*  2.99  19.71 

261i3 

2600 

138 

llO 

*•» 

to2 

133-135 

Uatfcanol 

3-*°  ***** 

23.88  2.96  22AS 

2727 

2726 

135 
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E.  REPARATION  OP  ALIPHATIC  POLYNURQAHINB  SALTS 
1.  Discussion 

a.  Treatment  of  3,3,3-trlMtroprcpyl  isocyanate  with 
35%  nitric  acid  readily  gave  a quantitative  yield  of  3*3»3-trtnitropropyl 
ammonium  nitrate.*  This  nitrate  salt  was  of  interest  for  evaluation  as  a 
potential  high  explosive  and  also  as  as  intermediate  for  the  production 
of  Maimich  condensation  products.  This  work  suggested  the  conversion  of  the 
isocyanates  prepared  on  the  nitropolymer  program  to  the  corresponding 
nitrate  salts.  Accordingly,  the  following  nitrate  salts  were  prepared: 

(l)  3, 3-Dinitrobutyl  Ammonium  Nitrate  (HZ): 


C^CCH^CHgNCO  ♦ HN03  ♦ HgO > CHjCCHgCHgNHg  *HN03  + COg 


(2)  3 ,3-Dinitro-l, 5-Pentane  Diammonium  Dinitrate  (XX): 


NO, 

[cHjCH^NCo]^ 


vr»r  n 

♦ 2HN03  «•  21^0 >C—  CH^CHgNH^  *HNO-  j + 2C02 

in  Zj  2 


(3)  3-Nitraaa-l, 5-Pentane  Diamaouium  Dinitrate  (XXI): 


i — jcH^CHgUCoJ  ♦ 2HN03  + 21^0 > N— jcHjCHgNHg  «HN0^j  «■  2C02 
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(U) 


3, 6-Dinitrasa-l, 8-Octane  Diaanoniua  Dinitrate 

(rm)i 


2HN03  4 21^0 


(5)  3»3,5,7»7-Pontanitro-$-asa-l, 9-nonane  Diannoniun 

Dinitrate  (ZZIH)t 


H — JCHgfcCHgCHgNCO  1 ♦ 2HW3  ♦ 21^0 


I ‘I 

«-  N0„ 


* 

L ao.  -J 2 


2C0, 


mu 


The  3,3,5,7f7-pentanitro-5-aaa-lf9-nonane  di ammonium  dihydrochloride  (XXIV)  was 
also  prepared. 

2.  Experimental 

The  general  procedure  was  to  heat  the  Isocyanate  with  a 
tenfold  to  fifteenfold  excess  of  3$}  nitric  acid  or  concentrated  hydrochloric 
acid  on  the  steam  bath  for  3 hr.  When  fche  solution  was  cooled,  or  concentrated 
if  necessary,  a quantitative  yield  of  the  polynitroamine  salt  aoparated.  The 
results  are  summarised  in  Table  IV, 

P.  PREPARATION  QP  SAMPLES  FCR  EVALUATION  BT  THE  NAVAL  ORDNANCE 

IABGnATORT 

1,  The  following  samples  were  prepared  and  submitted  to  the 
Naval  Ordnance  Laboratory  for  evaluation: 

a.  l,l,l,5,8,8-Hexanitro-3-axa-U-keto-5-asa-nonane 

b.  1, 1,1,5, 7, 9, 9-Aeptanitro-3-oxa-ii-keto-5,7-dia*a-decane 

c . U ,U . 6, 8, 8-Pentanitro-l, 11 -unaecane -dinitrate 

d.  U , U , 6 , 6, 8 , 8-Hex anitro-1, 11 -undeoane -dinitrate 

e.  U , U , 6 , 8 , 8-Pe  ntani  tro-6-asa-  i , ll-unde  c ane  -dini  tr  ate 

f.  2,2,6,9,9-PonvanitrcJi'-oxa-5-keto-6-a»a-decane 
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g.  2 , 2 , 6, 9, 9, 9-Hexanitro-U-oxa-5-keto-6-a2a-noRane 

h.  l,l,l,U,8,8,12,l5,l5,l5-0«canitro-l*,12-diaaa- 

5. 11- dike to-6, 10-dioxa-pentadecane 

i . 1, 1, 1,  U,  13, 16, 16, l6-0ctanitro-U,  l3-diaza-5, 12 -dike to- 
6,  ll-dioxa-8-hexadecyne 

j.  1,1,1,5,8,11,15,15,  l5-Nonanitro-3 , 13-dioxa-U,  12-dike to- 

5. 8. 11- triaza-pentadecane 

k.  1, 1, 1,5, 8, 8, 8,10, 12,12,15, 19, 19.19-Tridecanitro- 
3, 17 -dioxa-U, l6-diketo-5, 10, 15-triaza-nonadecane 

1*  3, 3-Dinitrobutyl  ammonium  nitrate 

ei.  3, 3 -2 ini tr o-l,  5-pentane  dianmonium  dinitrate 

n.  3 -Nitraza-1, 5-pentane  dianmonium  dinitrate 

o.  3,6-Dinitraaa-l,8-octar«e  dianmonium  dinitrate 

p.  3,3,5,7,7-Pentanitro-5-asa-l,9-nonane  dianmonium  dinitrate 

2.  The  results  of  the  preliminary  tests  by  the  Naval  Ordnance 
Laboratory  on  Compounds  A53-U  to  A53-21  are  summarized  in  Table  V.  As  with  most 
of  the  polynitrocarbamatea,  these  compounds  have  good  thermal  stability  and  fair 
to  good  density. 


3.  SFIr  data  sheets,  which  are  presented  in  the  appendix,  have 
been  completed  on  the  following  compounds: 

a . 1, 3-bis ( 3 1 , 3 1 , 3 1 -Tr ini tropropyl ) -5 , 5-dinitro-hexahydro 

1,3-diazine 

b . 1,3, 5-tris(3 1 , 3 ' , 3 ' -Trinitropropyl)-hexahydro- 

1, 3, 5-triazine  ’ J 


c . 2,2,5.7,7,9,12, 12-Octanitro-5, 9-diaza-tridecane 

a.  2, 2, u,  7,7,Iu,  lc,12-0otanitro-l;,10-diaza-tridccsnc 

e.  N • , N 1 -bis( 3,3,3 -Trinitr opr opyl ) oxamide 

f.  N, N ' -Dinitro-N, N 1 -bis ( 3 , 3 ,3-trinitropropyl ) oxamide 

g.  1,1, 1,5, 3,*8-Hexanitro-3-oxa-U-keto-5-aza-nonane 

h.  1,1,1, 5, 7, 9, 9-Heptanitro-3-oxa-U-keto-5, 7-diaza-decane 
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HI.  DESENSITIZATION  OF  RDX 

A.  INVESTIGATION  (F  COMBINATIONS  OF  POLTDINITROBUm  ACRTIATE, 
PLASTICIZERS,  AND  SURFACE-ACTIVE  AGENTS 

1,  Discussion 

a.  In  the  investigation  of  new  coatings  for  RDX  by  the 
method  of  preparing  composition  A,  a systematic  test  of  various  combinations  of 
a plasticizer  and  a surface  active  agent  with  polydinitrobutyl  acrylate  is  in 
progress • This  study  has  a dual  purposes 

(1)  Correlation  of  the  compatibility  of  such 
combinations  with  their  desensitizing  effect. 

(2)  Pointing  out  new,  promising  combinations  for 

further  consideration. 

For  the  plasticizers,  four  commercially  used  compounds,  along  with  2,2-dinitro- 
propane,  were  chosen.  The  surface-active  agents  wers  seven  ester-type 
materials  selected  as  the  best  of  the  many  agents  tested  in  the  past.  Each 
combination  was  made  up  and  tested  for  compatibility.  As  the  next  step, 
specimens  of  RDX  coated  with  the  same  combinations  are  being  prepared,  and  their 
impact  stabilities  determined. 

b.  Every  attempt  was  made  to  insure  uniform,  reproducible 
conditions.  Fixed  proportions  were  used  throughout.  The  polymer  had  been 
worked  up  by  reprecipitating,  to  eliminate  light  fractions  that  can  themselves 
provide  a plasticizing  action. 

c.  Present  results  are  too  sketchy  for  correlation  of 
compatibility  with  desensitizing  action.  With  respect  to  the  second  purpose, 
these  results  have  already  confirmed  the  softening  action  of  several  plasticizers 
in  improving  the  efficacy  of  polydinitrobutyl  acrylate  coating.  The  results  have 
also  confirmed  earlier  observations*  that  some  alternate  surface-active  agents 
are  as  good  as  or  better  than  Span  85. 

d.  Some  further  experiments  ware  performed  with  the  aim 
of  increasing  the  softness  of  the  coating  and  at  the  same  time  increasing  its 
oxygen  balance  (thus  increasing  explosive  strength) . Using  only  Atlas  G-3785 

s irface— active  agent,  these  experiments  employed  the  copolymer  of  dinitrobutyl 
acrylate  and  mono  nitrebutyl  acrylate  zor  increased  softness,  and  also  varied 
the  amounts  of  the  constituents.  These  experiments  show  the  possibility  of 
appreciably  raising  the  oxygen  balance  with  increased  amounts  of  2,2-dinitro- 
propane.  They  also  indicate  that  1$  of  0-3785  surface-active  agent  performs 
as  well  as  2.5£,  and  has  the  advantage  of  higher  oxygen  balance.  However,  none 
of  the  coating  formulations  gave  as  good  ds sensitization  as  is  attained  with 
Composition  A. 
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2,  Experimental 

a.  Specimens  composed  of  polydinltrobutyl  acrylate, 
plasticiser,  and  surface-active  agent  were  made  up  in  the  ratio  8:20.3. 

This  ratio  gives  a content  cf  surface-active  agent  slightly  in  excess  of 

the  amount  ordinarily  used  in  coating;  the  actual  coating  canmositions  * 

are  thus  bracketed  between  specimens  containing  surface-active  agents  and 
those  containing  none.  Those  specimens  were  dissolved  in  acetone  and 
the  solutions  were  dropped  on  a glass  plate.  The  solvent  was  evaporated 
and  the  residual  films  were  inspected  and  compared.  The  three  qualities 
selected  for  rating  the  films  were  opacity,  separation,  and  fragility. 

The  results  are  given  in  Table  VI. 

b.  A parallel  experiment  was  began,  in  which  RDX 
is  coated  with  the  same  combinations  of  polydinitrobutyl  acrylate, 
plasticiser,  and  surface-active  agent  in  the  ratio  8t2x2.5£  RDX.  The 
procedure  was  the  previously  described  adaptation  of  the  process  for 
making  Composition  A,*  except  that  the  amount  of  RDX  used  was  reduced 
t6  U.O  g,  and  the  other  amounts  were  reduced  proportionately.  The 
products  were  evaluated  by  measuring  impact  stabilities  cn  the  Bureau  of 
Vines  apparatus  with  the  2 -kg  weight,  using  the  bare  anvil  and  also 
(sometimes)  5/0  sandpaper.  Results  of  these  teste  are  shown  in  Table 
VII. 


c.  Some  additional  coating  teste  were  performed 
using  similar  materials  but  falling  outside  the  experimental  pattern 
described  above.  Results  of  these  tests  are  given  in  Table  VIII. 
Oxygen  balances  of  these  formulations  were  calculated,  and  are  also 
tabulated  here. 


d.  All  polymers  used  had  been  thoroughly  cured, 
and  then  worked  up  by  reprecipitating  twice  from  acetone  solution  in 
methanol.  This  treatment  removed  fractions  of  low  molecular  weight. 
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TABIE  VI 

COMPATIBILITIES  OF  SXSTEMS  OF  POLTDINITROBUm 
ACRUATE,  PLASTIC IZ3R,  AND  SURFACE-ACTIVE  AGENT 


Films  contain  8 parts  HJNBA. 

2 parts  plasticiser 

3.3  parts  surface-active  agent 


Note:  All  samples  were  inspected  for  opacity  (first  column  of  numerals); 
separation  (second  column);  and  fragility  (third  column),  and 
rated  by  a 1-2-3  system,  where  1 denotes  least,  2 medium,  and 
3 most. 


Surface-Active  Agent 


Plasti- 

ciser 

IT" 

m&zm 

Prosol 

307 

EH 

0-1077 

EH 

— 

1.1.3 

2.3.3 

3.2.3 

3.1.3 

2,3.3 

3.2.3 

3.2.3 

3.1.3 

DOS 

3,1.3 

3.3.3 

3.3,3 

3.3.3 

2,3,3 

3.2.3 

3,3.3 

3.1.3 

DBS 

3.1.1 

3.3.3 

3.2.3 

3.2,3 

2.3.3 

3.2,3 

3.2,3 

3,2.1 

DOP 

2.1.2 

2.3.3 

3.2.3 

3.2.3 

2.3.3 

3.2,3 

3.2.3 

3,2,3 

TCP 

1.1.1 

2.3.2 

1.1.3 

1.2.3 

1.3,2 

2.2.3 

3.2,2 

3;1,2 

DNP 

1.1.2 

2.3.2 

3.2.2 

3,1.2 

1,3,3 

3,2,2 

3,2,2 

3,1.3 

DOS 

DBS 

DO? 

TCP 

DNP 


is  dioctyl  sebacate 
is  dibutyl  sebacate 


4 m A*  —A 1 


is  tricresyl  phosphate 
is  2,2-dinitropropane 
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TABLE  VII 

BIPACT  STABILITIES  OF  SYSTEMS  COMPOSED  OP  POLXDEimOBOTYL 
ACRYLATE,  PLASTICIZEl,  AND  SURFACE -ACT I'VE  AGENT 


Plaati- 

*«• 


Results  In  parentheses  determined  on  5/0 
sandpaper]  others  on  bare  anvil. 

Inpact  Stability  of  Systems  Containing 
, The  Pollening  Surface-Active  Agents,  ca/2  kg 
Span  uiyc . Prosol 

85  Hose  0 30?  Q-&9  0-1077  Q-213S 


— 35  J*0  85  — >100  to 

U5-50* 


DBS  60-75  >100  — 


0-3785 


— 90-100 


>100 

(15-20) 


TCP  80-85  75-80  <55  — — — — >95 

DNP  50-55  >100  — 55-60  — 75-80  — >95,  >100 


Po lydinl trcbutvl  acrylate,  plasticiser,  and  surface  active  agent  in  the 
ratio  8 (2*2.5*  RDX. 


Reference:  RDX  * UO  (10-15) 

Conp.  A-3,  > 100  (L5-50) 


Large  variations  among  separate  preparations . 
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6/lS/j. 

6/16/2 

6/18/3 

6/5A 

6A9A 


TABLE  VHI 

MISCELIANECCS  DESENS  IT  IZA.T  ION  EXH5R  BENTS 


Oxygen* 

Balance 


555  FDNBA/t*  DNP/L6  0-3785 

■ • “29 

>100 

10-15 

5%  hinba/5*  dnp/2.5*  G-3785 

-32 

>100 

io-i5 

7 3%  PDN3A./7 .55  DNP/2.5Z  0-3785 

-3U 

>100 

io-i5 

85  Copolymer  A*  DBS A .55  0-3785 

-37 

>100 

20-25 

65  Copclyssr/25  DBS/25  BNP/Q-3785 

-3U 

>100 

25 

RM 

-22 

Uo 

10-15 

— Conp.  A-3 

-U3 

>100 

Uo-li5 

Copolymer  made  from  50%  dinitrobutyl  acrylate  and  50 % mono- 
nitrobutyl  acrylate. 


Oxygen  balances  calculated  by  assuming  a reasonable  average  formula  for  all 
surface-active  agents. 


Page  22 


CONFIDENTIAL 


CONFIDENTIAL 


III  De sensitization  of  RDX  (cont.) 


Report  Ho.  737 


B.  SURFACE-ACTIVE  AGENTS  CONTAIN!}*}  NITRO  CROUPS 


1.  Discus aion 


*.  Previous  trials  of  many  surface-active  agents  for 
use  in  coating  RDX  have  indicated  that  certain  agents  are  most  efficacious 
These  had  the  cccsscs  feature  of  being  esters  of  polyols  ®d  oleic  acid,  or 
other  long-chain  fatty  acids.  In  fact,  such  agents  by  themselves  can 
provide  good  tenporsry  da  sensitization  (temporary  because  of  the  drainage 
of  liquid  coatings).  These  results  suggested  the  uee  of  sin-Har  compounds 
containing  substituted  nltro  groups,  either  as  surface -active  agents  or  as 
coatings  per  se . 


* 


b.  The  first  compound  whose  synthesis  was  attempted  was 
the  monocarbamate  of  3,3,3-trinitropropyl  isocyanate  and  glycerol  mono 
oleatej  this  product  was  a viscous  liquid  which  could  not  be  crystallized. 

This  circumstance,  along  with  the  mixed  nature  of  the  original  ole  ate,  might 
well  lead  to  a mixed  product,  and  analysis  confirmed  that  the  product  was 
considerably  different  from  the  simple  monocarbamate.  The  product  was 
subjected  to  the  adsorption  test  described  in  Report  Ho.  682.  in  which  the 
amount  adsorbed  on  RDX  from  an  acetone-water  system  is  measured  under 
standardized  conditions.  Next,  a coating  experiment  was  performed,  using 
the  method  of  preparation  of  Composition  A,  Application  of  10?  of  the 
product  alone  gave  a coated  specimen  whose  inpact  stability  was  approximately 
as  good  as  that  of  Composition  A.  When  used  as  a surface  active  agent,  in 
conjunction  with  polydinitrobutyl  acrylate  coating,  the  product  was  comparable 
to  the  agents  now  in  use. 

e.  The  preparation  of  chemically  similar  solid  compounds 
will  be  attempted  next. 

2.  Experimental 

a.  The  reaction  between  glycerol  mono  oleate  and 
3,3,3-trinitropropyl  isocyanate  was  carried  out  in  the  same  manner  as 
described  in  II,B,2 . The  product  was  a viscous  liquid: 

Anal.  Calc'd  for  monocarbamate  >C,  >2.ioj  %a,  7.53 j am.  9.?h 

Found:  %Ot  70,14:*  *H;  7s4it  ?N.  8,55 


^Aerojet  Reports  Ho.  509>  682. 
Aerojet  Report  Ko.  682,  p.  21. 
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b.  The  product  was ' subjected  to  the  standard  adsorption 
test  for  surface-active  agent.  Results,  oenpared  with  the  values  for  Span  85, 
which  is  known  to  be  a good  surface-active  agent,  are  shown  below: 

Adsorption  of  0.15  g Agent  on  3;00  g RDZ  from  a Medium 


Carbamate 
Span  6$ 


of  5 si  Acetone  and  1C  mi  Tutor 


Appearance  of  Agent  in 
Medium 

Suspension  and  oil  layer 
Suspension 


* 

Adsorbed 

81 

52-62 


imeet 

3 tab/*  on/2  kg 

65-75 

JUL 

>100"" 


*For  carbamate  alone,  >100  j for  RDZ,  30. 
Value  far  RDZ  from  a different  lot. 


*# 


c.  The  new  material  may  be  too  oily,  from  its  behavior  in 
the  test;  the  coating  on  the  RDZ  was  notioed  to  be  somewhat  uneven.  This 
degree  of  desensitisation  is  fair  though  not  as  good,  per  unit  amount  adsorbed, 
as  that  obtained  with  the  best  surface-active  agents  described  in  Report  No. 
682. 

d.  Using  the  standard  coating  procedure,  10JC  of  this 
product  was  applied  to  RDZ.  In  another  experiment  it  was  used  in  conjunction 
with  polydinitrobutyl  acrylate,  replacing  both  the  plasticiser  and  the  surface- 
active  agent  used  in  the  systematic  experiments  described  in  the  preceding 
section.  Impact  stabilities  of  the  products  were  measured]  the  results  are: 


Coating 


10 £ Carbamate 
8£  H)NB&A«5>£  carbonate 
pnr 

— Cemp,  A— 3 


t Stability.' 


cm/<*  kg 

2S£_ 


>100 


Lo 

20-25 

10-15 

UoJ:5 


e.  The  RDZ  used  in  these  experiments  was  TTsbaah  L-119. 
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iut*  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


UiM  bn  low  ore  the  okanoterliUoi  ubioh  are  ktlliTti  to  k«  of  laporteaoa  In  Um  1M7  of  n 
Muon  nap  MtiUIr  bo  uaad  no  t eoaiUbuot  of  solid  woMlltati  or  other  mltilvot.  It  In  not  a 

£3i< 

it  to  SOUP 

UiltlflOftl  lufu,- 

.. .. * fbo  {Momtltt 

taWiww  an  aaooo  foxno  will  be  mriiws  nod  poMitfoi  W ini  is  Seeae-lenf  nuoul  fora,  niiw  fbih»s 
Mf  nloo  be  uood  no  work  or  lain  sheets  for  tout  * . - .acatal  rtniUi.  Extra  oopioo  nr*  available  ay  on 
request  fro*  SFXA.  Suggestion*  for  In* row— out  of  thee*  fomo  nr*  Invited.  If  lnouf flo&aat  qoo*  kit  toon 
provided  for  any  It* a,  attach  o*pnmt*  sheet*. 


COMPOUND:  1, 3-bis (3  * ,.*l  * , 3 1 -Trinitropropyl)- 
Naass  5.5-dinitrc -hexahydro-1, 3-diazine 

Empirical formula 
structure:  (eonf  lgurw'.len)  1 ( ijOoL  Person 


Information  submitted  by: 

Activity  Ap.ro  jftfc-Genp-ral  Corporation 

H-3-  FrankeT  and  LtT.  Parle ton 


i ‘ DM*  _l  ,Aiig»ah-lS5,3.. 


/Cv 


HOor*  H 1 

C—  jcHgilCHgCHgC  (1I02  ) 

NOgl—  Preparation  reaction!  s): 


f*  CH2 

CHgO— ) (N02)3CCH2CH2M  /HCH2CH2C(!!02) 

I 


1.  QuaatlteUv*  analysis:!*  by  weight) 

Carbon 

Calculated  from  formula  22.65 


By  deter  miss  tics  ?? 


2/ 

tel 


Q*y««> 


Nitrogen 

.26.42 

n / 

YlUlf 


X.  Burning  properties  (ecsperad  to  nltrocvllulaae,  under  nitrogen  at  ataeapbarlc  prwoaurai) 

(fleeter?  sloesrT  residue?  ate.) 

3.  Stability  and  Sensitivity:  not  any  grape*  on 

••pa rata  ahoot 


Name  of  test 

s.  Impact  Aenslttvlty 

b.  Thermal  Stability 

c.  Vacuum  oiabuity 

d.  Temperature  of  Explosion 

s.  Temperature  of  Ignition 
*•  Tmpne.t.  StahlUty 

»•  

h. 


Recommended  method 

nol  fiBESK 

06RD  5401 1 ^ 


NOL 


P 3401  n.8- 

u law  pna^ 

OSRD  3401  p.6 

amiiiip 


Olsen**  aathods  uaad  ohan  they  vary 
trm  refsrensee.  Civ*  tanpaiwtur*  uaad. 
(Ua*  aaparata  sheet  If  moassary. ) 

2 .T>— Icr  Trei~ht 

7 hr  at.  riirC  , Z 


Bureau  of  Minas  Bull . Wo.  3U6,  p.  72  ( 2 -kg  weight) 


Reference  compound. 


BtsauLKu  w flam  mm 


(deelpatlop-TVr,  Tatryl,  I.C.,  *to.) 

“•  j:etrvig.  jz.ga/2.4  kg 

n. 

c.  

d. 


New  Compound  test  results 


-29  Cffl/2  S.  SR 


f.  BDI.  IQ  cm/2  kg 


im 


1* 

h. 


r.m/2  k~ 


Best  of  formation:  (aV  ♦ -20 

~ (inoieet*  eignj 


Eg.  calories  at  38%.,  1 atm.  pressure 
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spiA/ia 


By  Experiment 


By  Calculation 


••  “cwA-sssiaiS?— 

6.  Heat  of  combustion  (He) ! 

(et  25 ««.  HaO  liquid)  

7.  Specific  Impulse  fltp)  calc: 


_ cal/gm  _ 
_cal/fn  _ 
lb-eec/Ib 


Method 

mt  Htt! 

i>ih  if  ■»«»«— w 


If— Mi 


8.  Physical  form  at  cwnpoead (fUwm  limiid,  crystalline  tjroe,  etc.)  ng 


9.  Simple  microscope  analysis  data:  

(oryetal  studies) 

IS.  Ssasiiflmrv  Hingii}  1.683  gm/fiiij.  'Micro  or  other  acthod)  ____________  f m/cm3, 

(NOT1)  t^roleln  on  ss pirate  sheet  sny  unique  nsthods  you  use.) 

11.  Index  of  refractions  (-p*®* ) 12.  Color  Tallow  18.  Odor  Mona 


•pirate  sheet  sny  unique  nsthods  you  us< 
. Color  Tallow  18.  Odor 


14.  fBattSX.  2.1 

solvent  end  eonosn 


(Method  reference  CHID  3401  0.4.  or  OSXD  5968.  I nd lasts  nrthod  used,  l.a. 
• used.  pH  indlastor  usosr  or  Beokasn  j*  ester.)  With  Beckman  pH 
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On der  comps lability  «r*  considering  thw  ability  of  two  compounds  to  be  In  Intlnata  eontaet  (Kota 
OSRS  575®  p.  21-22)  ortr  a long  period  of  tine  without  advaraa  effects  on  either  the  chemical  or  phyaleal 


properties  of  either  material.  Theaa  taata  will  probably  be  of  varied  extant.  They  might  be  a awe  of 
the  following!  (a)  Standard  stability  teata.  (b)  Simula  ebaarvatlona  of  exudation  or  eeperatlooat 
ambient  or  aeeelarated  temperature,  (o)  rrepare  i'nln  aheete  (.02$*  thick,  1"  square)  of  the  plaetlelaed 
material.  Separate  the  abeeta  with  atrloa  of  cigarette  paper  or  carbon  paper  and  oenpreaa  the  e'aok  In 
a *0*  clamp.  After  aeveral  daya  note  the  oily  collection  on  the  aapar.  Pleaae  girt  reference  to  or 
deaerlbe  nrooedure  uaed.  Item  28  la  to  Indicate  reeulta  when  the  compound  la  In  contact  with  aome  Materi- 
el other  than  ethyl  celluloee,  nltroeelluloee  or  rubber. 


29.  Compatibility  with  ethyl  cellulose: 


Cumpeteblllty  with  nltroeelluloee: 


CompetebUity  with  rubber. 


Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  ' 

(b)  In  mixtures  f 1th  additives) 

(c)  Inhibiting  action  on  polymerisation  of: 

Thiokol 

Methacrylate  

Other  compounds  

Availability 

a.  Amount  now  available?  research  c 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time  ? " 

d.  Is  large  production  feasible  ? _ 

e.  Plant  capacity  in  existence,  ina/aav? 

f.  Outline  steps  for  a quantity  production  method 


ytitleg 


Additional  information:  (toxicity,  base  Ms.  deterioration.  esym  balance,  datceatlon  rata,  ernlaalvw 
power,  aaaa  of  hydrolysis  by  inter,  ate.  List  references,  reports,  dais  books,  ate.  that  refer  to  the 
compound.) 
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Pate  Questionnaire  cm 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 
Listed  below  u«  Um  oktnctwUt<«i  wbioh  aro  hollered  to  be  of  laportaaoe  is  the  iMgr  of  • 


[ F*e» 


— is  available  for  m oonpoaad  «Uoijrcn  have  prepiac*  or  tosied  os  omo  of  these  fssm s,  •»  it  to  SOLID 

■mrm,un  ivnmunca  J8uStt  ak/w&,  ssa  swfiii  avsmc.  uiw  spring,  Harries*.  ~ -mtioeei  i»fo»- 

•etloa  oa  the  sum  or  now  ooepouads  acoruee,  forward  It  os  a u«!!m  ten  at  a later  date,  isfesaatloa 
smtM&ttod  o«  these  fo?es  will  1*  mwUPs  sad  published  W tPIA  is  leoeo-leef  aeuael  fan.  fhese  feme 
eayr  also  to  asod  as  work  or  data  sheets  for  roar  art  sea  tel  stadias.  Extra  oopiss  are  tniUUs  apoa 

Nfint  froa  Oik.  Suggestions  for  isuroesaeat  of  thsse  forms  are  lari  ted.  If  iaaaffisisat  spaas  has  hosa 
provided  for  eay  item,  attaoh  separate  sheets. 


COMPOUND:  1*3, S-tris (3 ' , 3 1 , 3 ' -Trinitropropyl ) - 

Name  hexshydro-1. 3 , 5-triazine 

Empirical  formula  CiqH^toOtb 

Structure:  (ccafiirurotice)  tt 


Informatioa  submitted  by: 
Activity  Aarn jat-Genar 
Parson  n,  B,  TVnnVal 

DM*  AJurmat  roQ 


3HaA-c  ,CiU 

3(N02)3GCH2CH2>n!2«ItCl  + 3CH5O > (NOg^CCI^CHgN  ‘ HDi^GHgCOlOfc^ 

ch2  ch. 

Preparation  reactions):  TT  \ S & 


1.  Quaatltattve  analysisKS  by  eelght)  CI^CHgCtNOg^ 

Carbon  Hydrogen  uaygea  Nitrogen  

Calculated  from  formula  J}J] 2*23 2.7*12—  

By  determination  23.78 2j& ?7.?1 

L Burning  properties: (caepared  to  nitrocellulose,  under  nitrogen  et  ateoapturic  preosurei) 


1.  Quantitative  analysisK*  by  eelght) 

Carbon 

Calculated  from  formula  ?1 .11 
By  determination  33  7q 


S.  Stability  and  Sensitivity:  not  any  graphs  on 

separata  shoot 


Name  of  test 

a.  Impact  iessittvtty 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 
s.  Temperature  of  Ignition 

f.  Tmparvh  St.nh-m  Tfl-(  Rut 

C*  - ■ ■ — 

h. 


08RD  9401  p4 


08RD  1401  M 


Pleouee  sethods  used  shea  they  very 
trm  ref  era  dom.  Give  t separators  used. 
(Pee  separata  sheet  if  moss  aery.) 


Reference  coaunud  

(drelsnetloo-TW,  Tetryl,  S.C.,  etc.) 

a.  Tfij-.r*?*!  . 7?  r.rr/P  Vr  9f 

h. 

. . - 31 

f.  RDX.  3D  cm/2  kg  J* 

i!  ~ 


New  Compound  test  results 


4,  Heat  of  formattno:  (aH3  ♦ -bU 


Kg.  calories  at  M^C.,  1 atm.  pmeaurs 


P&je  5 
Appendix 


CONFIDENTIAL 


Report  No.  737 
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B?  Experiment 


By  Calculation 


*•  — •*■*» 

6.  Heat  at  combustion  (H,)  271x8  eal/cm  2812 

{•t  25°f.  HjO  li^SS) 

7.  Specific  impulse  (I*p)  calc:  lb-sec /lb 

I.  Ftiyslcsl  form  of  compound  (rleeous  limild,  crystalline  type,  etc.) 


Method 

«r  vtfti 

•Met  it  ttOMWI) 


stalline  Solid 


».  Simple  microscope  analysis  data: 

ieryatel  studies) 

10.  7?*ncl!y<Ssoro  Method)  1.q5(  mm/cafi.  (Micro  or  stbsr  stthei)  gm/cinS. 

( NOL)  lExnlsla  or  sepsrnts  sheet  snj  unique  ustheds  you  use.) 

11.  Index  of  refractions  (sj^*)  12.  Color  Yallasr  IS.  Odoc  Mona 

14.  pH  at  25%.  6.2  (Method  reference  QdD  3401  o.4,  or  0SXD  5968.  Indleete  ntthod  need,  l.e. 

solvent  ena  ccueentretlene  used.  pi  lndlcetcr  ceeer  or  Beal— a jfi  ■»*•*■♦)  In  Bactanan 


*»  35c 

As 

tfltrori olst  Absorption  Spootnm  of  1.3.^-trio(3>.3t.3>» 
TrirJLtropronyl)  boxa}qrdro-l«3e>dtrlMin«  in  Ethyl.  ElMr 

20.  Melting  point  _ 

120-322  X.(d ) 

Pago  6 
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Coder  ecwtUbllltji  a*  *r*  considering  th*  ability  of  too  coo  pound*  to  bo  in  Inti  act*  contact  (Mot* 

08MS  5758  p.  ?l-22;  or»r  * long  period  of  tin*  without  sdvarsa  *ff*et.«  on  *ltb*r  th*  eb*ale*l  or  physical 
nropartlaa  of  *lth*r  n*t*rl*l.  Thaas  t**t*  *111  probably  b*  of  varied  extant.  They  night  b*  *an*  of 
th*  follaelngi  (■)  standard  stability  taata,  (b)  Slnola  Observation*  of  exudation  or  aaparatlon  at 
anblant  or  accalaratad  ta^oarstnra.  (e)  Prepare  thin  abasta  (.025*  thick,  1"  aquere)  of  th*  plaatlelaad 
notarial.  Separata  th*  abaat*  with  atria*  of  elgaratt*  paper  or  carbon  paper  and  eonproa*  th*  ataek  In 
a *R*  clanp,  Aftar  several  days  not*  th*  oily  collection  on  th*  oapar.  Place*  give  refers??-  to  or 
daaerlb*  oroeadwr*  ua ad , It**  78  la  to  Indleata  raaulta  whan  th*  coooound  la  in  contact  with  son*  notari- 
al ether  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


i5.  Coca  potability  with  ethyl  cellulose: 


28.  Computability  with  nitrocellulose: 


If.  Comprabutty  with  rubber: 


if.  Computability  with 


M.  Polymeria io(  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (with  additive*) 

(c)  Inhibiting  action  on  polymerisation  at. 

Thiokol 

— 

vuiot  wvwywmami 

SO.  Art  liability  ——— 

a.  Amount  now  available?  research  Quantities 

b.  When  was  available  material  first  prepared? 

e.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible?  

e.  Plant  capacity  in  existence,  lbe/dsy?  

f.  Outline  steps  for  a quantity  production  method 


Ml.  Additional  information:  (tcwlelty,  ha  as  Ms,  deterioration,  oxygen  balance,  detonation  rate,  explaelv* 

power,  eea*  of  hydrolyala  by  satar,  ate,  Uat  refer* neaa,  report*,  data  book*,  ate.  that  refer  to  the 
compound.)  _________________ __^=_i======i=___i_i__ . 
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Hit*  Questionnaire  oa 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


■awe*  oa  u*  mm  or  m«  ooapoaaas  Menu,  for ward  it  on  a similar  form  at  a i»««r  onto.  no  xazormatiea 
wtaliM  oa  the  so  forma  will  U Britts:  and  jtlliiM  *7  PU  la  loose-leaf  — aal  fora.  Aim  forma 
may  aloe  to  moot  as  mark  or  data  shoots  for  your  ♦?>  ■*! moat al  studios,  btn  copies  aro  crsdlmble  mpoa 
rtfust  froa  S?ZA.  Suggest ioas  for  laproveaoa*  of  these  forms  aro  invited.  Zf  lasaffie&oat  syaos  has  boom 


•provided  for  any  item,  attaoh  separate  shoots. 

COMPOUND:  2,2,5#7,7, 9,12,12-Octanitro- 
Nams  5.9-diasa  tridecane 
Emplrlcafrormuia  UiSi&jinftA  ~ 
Structure:  (eeaflfuretion) III 


Information  submitted  by. 
Activity  Aero  jet-Gener 
Person  it  ?, 

Data  1 AncniwtlOS^ 


N°2  HO2 

C — jCHgOH  + 2CH3CCH2CH2NH2«HC1 

^ *2  Preparation  reSction<s): 


2NaAc  f2f  * »°2-, 

> C— la^NCHgCHgCCHj 

L Jrn_ 


NO,  r NO-  N0o 

I 2 I 2 I 2 

C—  CHgNCHgCHgCCH^ 

no2  L no2-I2 


1.  Quantitative  analyslsKf  by  might) 

Carbon 

Calculated  froa  for  stele  2U.18 
By  dsteratebss  ?1±  7A 


Hydrogen 


i Burning  properties: (compered  to  aitrscrUuIoss,  under 


kV.u^mu  ao  ■* 


eris  pres sure  1) 


S.  Stability  and  Sensitivity  net  say  graphs  on 

seporste  shsst 


Name  of  teat 

a.  Inspect  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

*♦  Tmpa^t.  St.ahl  ivcy 

f.  

h.  


Recommended  method 


OSRD  3401 


Memos  methods  used  mhsn  they  vary 
frm  refers  doss.  Give  temps  rsturs  used. 
(Use  setaista  shsst  If  msossssry.) 

2 .$-kg  noight 


OSRD  3401  p.6 


Refersoce  cc 


nmntn.TW  QP  ABOVE  TESTS 


r,  Tetcyi.  H.C.,  etc.) 


New  Compound  test  results 

J7  cm/2.5  te 


4.  Heat  of  forma  time  (aD  ♦ ~^2  Eg.  calories  at  39%.,  1 atm.  pressure 

(indiosts  sign) 
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By  Experiment 


Bjr  Calculation 


••  “**■ 

6.  Heat  a!  combustion  QL»)  2897.  2913  cal/cm  2879 

(at  25«r.  I20  UcrSff  — — t ‘ 

t.  Specific  impulse  (l»p)  calc  lb- sec /lb 

t.  Physical  form  at  compound (rleeaue  llmiid,  crystalline  type.  etc.)  Fine 


Method 

tlMfflflili  tt  M.  lop— 

•ton  ir  — — 17. 

Aerojet  Report  Bo.  Ul?A 


9.  Simple  microeeopa  analysis  data: 

(sryatal  stuiis*)  ' “ 

10.  Density!  aacro  nethodl  l.O’Q  « tn/eml.  (Micro  or  other  nethed)  , gm/emS. 

(NQL)  llkoleln  on  eaperete  aheet  any  unique  Method  a you  uee.) 

11.  fades  at  retraction  0$*®*)  IS.  Color  White  IS.  Odor  Norm 


14.  pH  at  MX.  f ’J> 

solvent  ana  ecatoant 

aster.  0.030  M 


**)  IS.  Color  White  IS.  Odor  Nona . 

(Kethod  vefarenee  QtflB)  3401  o.4,  or  QBKD  3969.  Indicate  Method  used,  l.e. 
one  need.  pB  Indicator  oeoer  or  Books**  |«  eater.)  With  Baelmom  tiH 

cotone /water  (f>A  volume  ratio 


31tr.rtol«t  Atuorptloo  Sp^tnai  «r's,?.5,7,7,9,U,l*-OoUnltro 
5,9-iItt.  trldmm  la  Wtonltrll. 


SO.  Mettfeif  point  13?-lil3  ^C.(d) 
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Under  cowpatabilltv  ee  ere  considering  the  ability  of  teo  ccn pound*  to  be  In  Irtleet:  uuatect  (Note 
83IGD  5758  p.  21-2?)  over  e long  period  of  tine  without  advoree  effects  on  either  the  ehsalcel  or  physical 
nrapsrtiae  of  either  aaterlal.  Thee*  teat*  will  probably  be  of  varied  extent.  They  night  be  a one  of 
the  following!  (a)  Standard  stability  teata.  (b)  Slade  observation  of  exudation  or  separation  at 
a ablest  or  aeeelarated  teeperetnre.  (e)  Prepare  thin  sheet#  (.025*  thick,  Is  apt*  re)  of  the  plaatlclsed 
eaterlal.  Separate  the  aheete  with  striae  of  cigarette  pacer  or  cerooo  paper  and  eonpraaa  the  stack  in 
• “C*  olanp.  After  several  days  note  the  oily  e oils ct ion  on  the  paper.  Please  glv»  reference  to  or 
deeerlbe  orooedure  uaed.  I tea  28  la  to  lndleate  reiulta  when  the  eonoound  la  In  contact  with  a one  mter£« 
al  other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


Compatabllity  with  ethyl  cellulose: 


26.  Compatibility  with  nitrocellulose: 


PnaM*ee#«mlli«e  w*4  Ik  ei»hliae« 
V wi«a|m  aewni  a a eay  a waeaewa* 


Compatibility  with 


Polymeria tn(  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  la  mixtures  (*ith  eddltlwe) 

(e)  Iahlbltinc  action  on  polymerisation  of: 
Thiokol 
Methacrylate 
Other  coBBgomde 

Availability 

a.  Amount  now  available?  Reaeart 

b.  When  was  available  material  first  prepare 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  In  existence,  lbs /day  7 

f.  Outline  steps  for  a quantity  production  met 


81.  Additional  information:  (tonicity,  hasefds,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

poser,  ease  of  hydrolysis  by  water,  ate.  List  re  fare  nose,  reports,  <SeW  books,  ate.  that  refer  to  the 
enn pound.) 
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i * 

I j? 

I I 


Data  Questionnaire  oa 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


»w»*  tmm  sm.  fc||«iU«i  for  Isa  rorensat  of 

frorUtd  for  wgr  it*«,  =*»nmte  scoots. 

COMPOUND:  2,2,U,7,7, 10, 12,12 -Octanitro- 

Name  U.lO-diaza  trldecane 

Empirical  formula  Gi  i Hi  P.N-]  nOf  A 
Structure:  (conf lgureti  <»)  IV 


iniormaiion  submitted  by: 
Acttrlty  Aero  igt-Gener 
P«r»oe  H.S.  Frenkel 
Date  1 August  1953 


r^r  -|  f* 

C— jCHgCHgNHg  ‘HClJ  +.  2CH3C£H20H  ■ 


2NaOH 


c NO, 

Preparation  reactlon(B): 


_ u 

V T°2 1 

CH^CHgNCHgCCI^ 

- " JfO? 


hnoj  v 


ITO  WA 

T~2  r 1 2 1 2 " 

C — CHjOHjNOHgCCH^ 
io-  L NO.  J 


1.  Quaatitattre  analysts!  < by  iplgfct) 

Car boa 

Calculated  from  formula  9I1  ift 
By  deicrmisatica  ?Ii  ~7A 


CEjgra  Nitre 

25  .< 


L Buraia*  properties,  (co***  red  to  nitrocellulose,  under  nitrogen  at  stuospfceric  proa  cure  ■} 


S.  Stability  and  Sensitivity:  Plot  any  graphs  on 

separate  sheet 


roeHoeT  etc.) 


Name  of  tost 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

L Tmnact  Stability 


Recommended  method 


OSRD  3401 


Discus*  aethods  used  when  they  eery 
fren  references.  Glue  t au-perature  used. 
(Dee  separate  sheet  if  necessary.) 


OSRD  9401  p.6 


1— Vcr  wnl 


Reference  compotmd  

(deelpietlop-nrr,  Tetryl,  *.C„  etc.) 


New  Compound  test  results 


4.  Heat  of  tor  mattes  (ABC  i -Iw  X*.  caloriaa  at  23T.,  1 atm.  pressure 

'!i3I5its  sign) 
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SPSA/ltt 


By  experiment 


Sjf  CmiCuktlOO 


5-  — eaVr,a 

•.  Hut  at  eomb—tloe  (H.)  2630,  282$  e*l/xm  2676 

(at  25««.  «20  liquid)  

7.  Specific  impel—  (IBp)  cate:  Ib-eec/Qt 

3.  rtijelnl  form  at  compo— d(rlse aae  linuid,  crystalline  type*  etc.) 


Method 

Aerojet  Report  No,  Ul7A 


li.  Simple  micro— ope  analysis  date: 

( cryit* 1 stttdlsi)  _ ^ 

10.  Density!  e*oro  aethnd ) »70o  «pn/cm>.  (Mlere  or  other  aethed)  _________  gm/cm3. 

(NO L)  'Xrolein  on  oeperete  sheet  any  unlqne  aethoda  yea  ate.) 


11.  Index  at  rnraetim  (a 


11.  Color  White  11.  Otar 


14.  |fl  at  39%.  6.8  (Method  reference  QW  3401  o.4,  or  OSS)  3968.  Indicate  nethod  need,  l.a 

aelreat  enTeenewSERTOee  oaad.  pB  lndioetcr  neesr  or  Baetem  jB  aster.)  Wi+,h  TW.Vm»y,  rJT 


i.o 


*50  300  J50 

X,  m 

Ultwlolot  Aboorptleo  SpMtra*  of  i,*,k,7,7,10,l?,12-0cUnltro- 
u.lO-dlia.  U'lfWana  la  Aootooltrli* 


10.  Meltlac  point  206-208  t.(d’) 

Page  lii 

Aportnuix 
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CGNFZDBtfnAL 


Report  No.  737 

BRA/iO 


Under  ccsroatebi  Htv  ae  a re  considering  the  ability  of  too  cctapoundt  to  ba  In  lntlaata  contact  (Note 
OSXQ  5?58  p,  ?1~22;  orar  a Ion#  period  of  tlita  without  adverse  affects  on  either  the  ehealcal  or  phyalcal 
oropnrtlaa  of  either  water  lei.  Thaae  taata  will  prebotiy  b-a  of  varied  extent.  They  sight  ba  a car  of 
the  following!  (a)  Standard  stability  teat:.-  (b;  S tools  obeervatlcna  of  exudation  or  separation  at 
aablaet  or  aeeeleratad  teaos retire . (a)  Prepare  thin  abaata  {.03;*  thick,  1*  square)  of  the  -laetlclted 

aatarlal.  Separata  tbs  abaata  with  striae  of  cigarette  paper  or  cerbon  paper  and  eoapreea  the  ataek  in 
a *C*  olawp.  After  several  days  note  the  oily  collection  on  the  neper.  Plsaaa  give  reference  to  or 
i-inr lbs  orooodure  used.  Its*  38  la  to  Indleata  results  when  the  coaocund  la  In  contact  with  a caw  materi- 
al other  than  athyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatnbllity  with  ethyl  cellulose: 


S5.  C crap* ability  with  nitrocellulose: 


2?.  Com  pa  ability  with  rubber: 


Com  pa  ability  with 


Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  (with  additives  J 

(c)  Inhibiting  action  on  polymerisation  at. 

Thlokol  

Methacrylate  

Other  compounds  

Availability 

&.  Amount  now  available ? Research  quantities 
b.  When  «as  available  material  first  prepared? 
e.  Amount  prepared  at  that  time  ? 

d.  la  large  production  feasible?  

e.  Plant  capacity  la  existence,  Ibe/day?  . 

f.  Outline  steps  for  a quantity  production  athod 


* 1 ^SfCSTSSwviCSm  (ttSicltjy  knaacUn^  ia»aw<  w halanaa^  AatMtallm  ml*  *wwl  **4w* 

power,  ease  of  hydrolysis  by  water,  ate.  Hat  references , reports,  data  books,  ate.  that  refer  to  to# 
eewpouad.)  


I 
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Report  No.  73? 
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Hit*  Qooatl  cnnalre  oa 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


LI* tad  below  ui  th*  ohoraotoriatloe  «hiah  u«  t«ll«T*d  to  to  of  iaportano#  la  tbo  iMf  of  a 
jMok  w Miiibb  to  wood  ••  • eoaitlteet  of  solid  prcpollead*  or  otttr  explosives.  It  i*  aot  axpocaod 
taat  all  t&lo  laforaatloa  will  to  avail  at  lo  for  mnr  ooapoand.  For  axaapl*.  with  a ooapoand  ohnwdag  boot 
stability, It  lo  probably  aot  advisable  to  investigate  that  ocaround  fart  tar.  If  tor  piaolag  root  lnforaatio 
ao  la  aval  labia  to  r a ooomouad  tAlph  you  have  proparod  or  test**  oa  oa*  of  forma , nm  It  to  SOLID 

PDOPILLADT  larOBMAflOB  ACZICT,  URy  JEu . 8021  Georgia  Atomic , 31  Ivor  Spring,  Maryland.  Ao  additional  lafox- 
aatioa  am  too  oaao  or  aov  ooapoaad*  aooroa* , forward  It  am  a olallar  form  at  a later  data,  ft*  laformatiea 


•atmlttod  oa  thos*  fora*  will  to  rewritten  and  publish** 


wobigab*  that  ocaround  fart bar.  After  piaolag  no*  laforma 
proparod  or  toot**  oa  oa*  of  form*,  a *3  It  to  SOLID 

corgi*  A?—i,  SI  Ivor  Soria* , Harr  load.  Ao  oddltlomal  lafe 
orward  It  am  a olallar  fora  at  a lator  data,  ft*  laforaatl 
publish**  by  971  k la  loo*#- loaf  aaanal  fora,  fbooo  fora* 
ur  oxporlaoatal  atadioo.  Extra  ooploo  are  avallatl*  worn 


Smj  aloo  to  aood  ao  wort  er  data  otr;U  for  roar  aop or laoatal  atadioo.  Extra  ooploo  ar*  arallatlo  apem 
request  fro*  SNA.  Suggestions  for  laprovsasui  of  thss*  foxao  are  inrited*  Zf  lassffisiomt  sues*  has  toss 
provided  for  an/  itoa,  attaob  ssparat*  oh rot*. 


COMPOUND:  N,  N * -bia  (3.3. 3-Trinitropropyl)  - 

Name  ox amide 


Empirical  formula  Lfiri- 
Structure:  Co  OnfifurO  1 1 On  } 


Information  submitted  by: 
Activity  Aerojet-Generi 
Person  QQErante^ 
Dato  1 Aueus t 19b  3 


?“ 

U(N02)3CCH2CH2NH2  + C1CCC1-->|(N02)3CCH2CH2N-C  + 2(no2)3cch2ch2nh2*hci 


Preparation  roactton(s): 


1.  Quantitative  analysis^*  by  might) 

Carbon 

Calculated  from  formula  ?1  J i 

By  determination  77  Oh 


Hydrogen 

2.28 


CSygaa  Nitre 

25.: 


2.  Burning  properties:  (coape  rej  to  nltrocrUuloaa,  under  nitrogen  at  staospharle  preaeorei) 


S.  Stability  and  Sensitivity:  riot  any  graph#  on 

•operate  c'-it 


roaldooT ate.} 


Warns  of  teat 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  Imnact  Stability 


Recommended  method 


OSRD  3401  p.8 


OSRD  3401  p.8 


Plaeusa  eetheda  usad  ahan  they  vary 
frea  rafaranoaa.  Give  tsaparstur*  used. 
(Ota  aaperat#  ahaat  If  naoaaaary.) 

2 ,5-kg  freight 


Reference  compound 

(daalgnatloo-Tirr,  Tetryl.  S.C..  *to.) 

a-  Tetryl.  32  cm/2.5  kg ■ 

ht 

c.  

d.  

e.  

*•  RDX.  30  cm/2  kg 

f- 

h. 


New  Compound  test  reaulta 


U5  cm/2.5 


4.  Host  of  formation:  (*B)  ± -ihS  Kg.  caloriia  at  2o%.,  1 st»d.  pressure 
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By  experiment 


6.  Hut  of  eombustloa  (He) 

(at  25 °r..  *jO  liqtifi 

T.  Specific  lapulu  >ltj>  calc 


By  Calculation 


_ cal/fm  _ 
_cd/gra  _ 
0>-mc/Q> 


I.  Physical  form  of  com*****! (rieeoue  liruld,  eryetelUne  type,  etc.) 


9.  Simple  microscope  analysis  data: 

10.  DennityiSeoro  aetbod)  |-«692 

11.  Index  of  refraction:  (*§'*** ) 


Method 

tlMrllliM  f*  NtMMN.  lomll 
ifciil  if  MiMoan. 


m3.  (Store  or  other  aetbod)  __________  gm/cm3. 

In  oa  eeparete  sheet  any  unique  aethoda  you  uee.) 


12.  Color 


i3.  Oder  Nc 


14.  m at  lit.  5>. 6 (Method  reference  QflD  3401  n.4,  or  OttD  5968.  Indicate  aethod 

csTrent  a no  eaaoentretloaa  uaed.  pB  tad  toe  tor  neoer  or  Wentrau i ;*  actor.)  With  Bee 

meter.  0.087  M in  ace  tone /water  (f>A  volume  ratio'' 


CONTIDKXmL 


Report  No.  737 

SMA/U3 


Under  ccwnatabilltr  a*  *r*  conaiderlng  th*  ability  of  two  caMpounda  to  D*  in  intlaat*  contact  (Not* 

OSXI)  5758  p.  21-22)  over  a Ion/  period  of  tin*  without  tdvara*  af facta  on  altbar  th#  ehawlcal  or  phyaical 
nropartlaa  of  aithar  natarlal.  Thaaa  taatn  will  probably  ba  of  varied  artapt _ sight  ba  eon*  of 

th*  folloalngt  (a)  Standard  atabllity  taata.  (b)  Simla  observation#  of  exudation  or  aaparatlon  at 
•ablant  or  aeealaratad  taaoaratnra.  (c)  Proper*  thin  ahaata  (.025*  thick)  1*  anuara)  of  th*  plaatleiaad 
aatarlal.  Sap* rota  th*  ahaata  with  atrles  of  cigarette  paper  or  carbon  paper  and  ecspraaa  the  ataok  la 
a "C*  clasp.  After  aararal  days  not*  th*  oily  collection  on  th*  oapar.  Pleat*  give  rafarane*  to  or 
daaerib*  orooadur*  uaad.  It**  28  la  to  indleata  raaulta  whan  th*  eoapound  la  in  contact  with  sane  Mtwrl- 
al  other  than  athyl  calluloao , nltrocalluloaw  or  rubber. 


25.  Compatibility  with  ethyl  cellulose: 


15.  Compatibility  with  nitrocellulose: 


17.  Compatibility  with  rubber: 


18.  Compatibility  with 


19.  Polymerising  properties  of  the  new  compound: 

(i)  By  Itself 

(b)  In  mixtures  {with  additives)  ZIZIZZZIZIIZZIZZIZ 
(e)  Inhibiting  action  on  polymerisation  at. 

Thiokol  

Methacrylate 

Cther  compounds  

SO.  Availability 

a.  Amount  now  available?  Rascorch  quantitiss 

b.  When  was  in  liable  material  first  prepared  ? 

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  existence,  lbs /day? 

f . Outline  steps  for  a quantity  production  method  


SI.  Additional  Information:  {toxicity,  ha  tarda , deterioration,  oxygen  balance,  detonation  Fate,  explosive 

power,  case  of  hydrolysis  by  water,  ate.  List  rafaranoaa,  r* porta , data  books,  sto.  that  rafar  to  the 
canpouad.) 


tfalculated,  Lead-Block  Vpluft  *.  135, 

CaI .siLlAtfiri  Rail i flt.i  7g1iift  ■ 1 V3 


s Method  oE-MraJet  flgpsrti  Ho. 

ii 
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Hit*  Questionnaire  cm 

COMPOUNDS  FOR  USE  AS  INGREDIZNTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  era  the  ahmoiwliUoi  tAlsh  in  Nllind  to  Vs  of  iaportaaoe  la  the  study  of  a 

, otuHVint  at  solid  ynpilliaks  or  otlwr  es;lssi?ss.  It  is  mot  ex  pool 
Vs  tellable  for  story  oompoead.  For  example,  vdth  - 


advisable 


ibis  for  otorjr  ooepouad.  For  sun! 

w to  iitostigiti  that  eosMBil  farta 

as  ip  ini lablo  for  a oonoud  idioh/M  hats  prepared  or  tested  oa  ome  of 
nOMUAK  inonutios  dcfaci,  AFI/JH&,  8651  fcerfia  i roans,  Silver  Sgrimg 


metlom  on  ths 
submitted 


or  new  cos pounds  aoorass , forward  It 


a similar 


If  lmsmffioisnt 


dttsd  oa  theca  forms  will  V*  rsisittss  aad  published  by  8Hd  is  Isoss-isaf  maamaL 

say  alas  Va  »;*d  sa  verb  or  data  sheets  far  »*“t  s*?arlas»tal  stadias.  Extra  sesiss  ars  avail 
request  from  S7IJL.  fcifsitloas  for  lmprovsmsmt  of  ths  so  forms  ars  invited, 
provided  for  may  Itsm,  attaoh  separate  shssts. 

COMPOUND;.  N,  N • -Dinitro-N,  N » -fcia (3,3, 3-trinitro- 


Name  propyl)  oxamlde 
Empirical  formula  HfiliflN'i  R 


Structure:  (eonflfuratloo)  yj 

H <h 


Information  submitted  by. 

Activity  Aeroiet-Oeneral  Corporation 
Peraoo  MB,  FranhnT  and  L.T.  Carleton 
JL2^£ 


Data 


Align  wt 


r H O-i  r N°2 

(l.’02)3CCH2CH2H-C  I HgSOli^  (NO^CCOjCiyi- 
L ,-v.55°c  VI 


Preparation  react  lnn(a) 


ih 

-a 


1.  Quantitative  aaalysls(f  by  night) 

Carbarn 

Calculated  from  formula  ifi  Q«? 
By  determination  iRjho 


Hydrofen 

±§= 


Oxygen 


Nitrogen 

:M= 


2.  Burning  properties:  (ccwpa  rad  to  nitrocellulose,  under  nitrogen  at  etaoepharlc  pressure:) 


(fa  start  sluaaeT  resldost  ate.) 


2.  Stability  and  Senaltivity  Met  any  graphs  on 

separate  sheet 


Marne  of  teat 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  at  Explosion 
4.  Temperature  of  Ignition 

*•  Impact  Stability 

c-  

h.  


NOL 

NOL- 


RgcOTamends^aaepKxi 

06RD  3401  p.8 

MDXIlIuX 

CbRD  3401 


Discuss  ssthoda  used  a hen  they  very 
from  ref are  ness.  Give  tvs pa  retore  used. 
(Dae  es pa rate  sheet  If  neoesasry.) 

2 ,$-kg  freight 

liR  hr  At  1 QQ°C 


Oi  p.8  

NOL  XbdElI*VKJO  

Bureau  of  Hines.  Bull.  NQ^jU^a,.  Yjg..(2-kR  weftpfttj. 


Reference  compound 


R«avn  M I 

nmiimiArn  M 


(dsslgnstloo-TW,  Tetryl,  S.C.,  ate.) 

*•  Tetrvl.  32  ck/2.$  kg 

b.  

c.  

d.  


f.  BP2^  IP.  02/211 


c 

h. 


4.  Heat  of  for  nation;  (pH)  ♦ -90 

~ (lMltttS  signT 


jjmse  Cospcjsd  tsst  resuits 

9 cm/2.5  kg 

OJiO  ce/g 

jo  ct/2  Kk  ...  - 


Kg.  calories  at  25 ^C.,  1 atm.  pressure 
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SrlA/lR 


Oadsr  ccspatablllty  »•  are  considering  *,S»  ability  of  tec  compound*  to  bo  In  int  lasts  contact  (Kota 
OSKD  $758  p.  ’1-22)  over  a long  par  lad  of  tin*  without  aiHaraa  offaat.a  on  altbar  tha  c haul  cal  or  physical 
nropertle#  of  altbar  satsrlsl.  ?t»aa  taata  alii  probably  ba  of  varied  artant.  Tbay  sight  ba  scs*  at 
tha  folloal^t  (a)  Standard  stability  taata.  (b)  Sicols  dbaarvntica#  of  uxudstlon  or  aaparstioa  at 
sftblsnt  or  accslsretsd  tssperetnre.  (e)  Propara  thin  abaats  (.02$*  thick.  1*  square)  of  tha  plasticised 
aaterlal.  Separata  tha  a beat  a with  stripe  sf  cigarette  paper  or  carbon  paper  and  con  prase  tha  stack  In 
a *T«  clasp.  After  aataral  days  not#  tha  oily  collection  on  tha  oaper.  Plaaaa  give  rafaranea  to  or 
describe  procedure  used.  lies  28  la  to  Indicate  results  a ban  tha  eeaerand  is  in  contact  alth  aoas  Materi- 
al other  than  ethyl  calluloaa,  nitrocellulose  or  rubber. 

Compatibility  with  ethyl  cellulose:  


16.  Com  pa  ability  with  nitrocellulose: 


37.  Compatibility  with  rubber: 


Compatibility  with 


Polymerising  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (*ith  additives ) 

(c)  Inhibiting  action  an  polymerisation  of: 

Thlokol  

Methacrylate 

Other  compounds  

Availability 

a.  Amount  now  available?  Research  quantities 

b.  When  waa  available  material  'irst  prepared?  

c.  Amount  prepared  at  that  time?  

d.  la  Urge  production  feasible  ? 

e.  Flint  capacity  in  existence,  Ibe/dav? 

f.  Outline  stepe  for  a quantity  production  method 


St.  Additional  Information:  (tcadelty,  kaaatda,  datarloratloa,  oxygen  balance,  detention  rata,  rrcloaivs 

pesar,  aaaa  of  hydrolysis  by  vatar,  etc.  List  references,  reports,  dsta  books,  ate.  that  refer  to  the 
cewpouad.) 
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Pits  Queetl cnnalra  ee 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  CF  PROPELLANTS  AND  JTHER  EXPLOSIVES 


. to  >•  of  iaporteaoe  la  study  of  a ooapouad 
sat*  or  9mw  St  Is  sot  expected 

al.  For  axaaplo,  «iU  a ooapouad  rtpuUt  poor 
eonovst  fartaor.  After  ^uiu  IM  wmalio 
■t«i  uq  .u  of  these  foraa.  tone  It  to  SOUS 


Liotad  below  aro  the  aharactoristlos  obi  oh  ara  believed  to  bo  of  lapoytenoo  la  study  of  a ooapouad 
jSkleX  »v  possibly  to  uaad  as  a constituent  of  solid  irojallukt  or  »mw  «}!?»1tm<  St  Is  ast  expected 
that  all  this  lcfsiaatloa  will  be  oval  labia  for  ovary  ooepouad.  For  exaaple,  with  a eoapeund  shaudax  poor 
stability'  It  la  probably  aot  advisable  to  investigate  that  ooapouad  fartaor.  After  ^ 1m Jar  iwb  1k«imI1« 
Mis  twiliblt  for  a oagpogad  tdifbjrm  iun  jfmivd  or  teste*  «u  of  these  foraa.  oea*  it  to  SOUS 
nOTKLLAR  IPTOWAtlOS  AOEICT,  AT?/ JOT,  M31  Georgia  Avooao,  Sllvar  Soria*,  Mary  load.  As  additlooal  Imfor- 
aatloa  on  tbs  saaa  or  asv  ooapouads  aeorues,  forward  It  on  a slallar  fora  at  a labor  data,  fbo  laforaatloa 
so  bolt  tod  oa  tboso  foraa  will  bo  rewritten  and  published  by  STSA  la  loo  so- loaf  amut!  fora.  flies#  foraa 
asy  also  bo  aood  as  work  or  data  shoots  for  roar  cxporlaoatal  dtllr^  Sstaa  aro  available  upon 

request  fra  APIA.  Suggestions  for  lanrovsaoat  of  thooo  font  aro  invited,  2f  Iset^ffielent  opens  fees  bosa 
provided  for  a ajr  Itoa,  attaofe  soparato  shoots. 


COMPOUND;  1»1»1»5»8»8— Hexanitro— 3-oxaJi-keto- 
Name  5-aga-nonane..  ..  _ 


inonotuoi  tiunuued  t if. 


Empirics'  formula 
Structure:  (configuration) 


CHjCCHgCHgNCO  + HXH2C(N02). 
NO- 

2 Preparation  reactions): 


Parson 

Data 


NO-  H 

I 2 I . . 

ch3CX^2ch0nco2ch2c(no2;3  ■ 

N02 


mT_  NO,  NC- 
HNOn  I 2 | 2 

~ V nr?  sjnn  mv  ri/ttA  > 

N02  VII 


1.  Quantitative  taaiysied  by  weight) 

Carbon 

Calculated  from  formula  20.25 
By  determination  26.£5» 


Hydrogen 


Oxygon 


L Burning  properties: (coopered  to  nitrocellulose,  -nder  nitrofon  at  ataospherlc  pree euro  1) 


9.  Stability  and  Sensitivity:  not  en y graphs  ce 

separate  shoot 


Marne  of  teat 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  


Recommended  method 


06RD  9401  p.8 


OSRD  9401  p.6 


TMaouaa  sathods  used  when  they  wary 
fra  rsfervuooe.  Give  teopersture  used. 
(Use  separate  shoot  If  mtmmmrj,) 

2.5-kg  freight 


Dtim.Ti  nw  isnra  tww 


fteiereaes  compowM  

(dost gnat fou-TPf,  Trtryl,  I.C.,  etc.} 


New  Conpoaod  tost  foiulta 


4.  Beat  of  formation:  (&■)  + 


-132  Eg.  calories  at  29%.,  1 atm.  pressure 
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By  Sxptrim^n  By  Calculation 


*•  «*■''«- 

4.  Heat  of  cosabuitloa  QL>)  2007  cal/ra  2032 

(■t  25<r.  ljO  llqal?)  — 

7.  Specific  !s<p»l ae  (lap)  calc:  tt-wc/Os 


Method 

••sunrjLssgf3*- 8w* 


Aero.let  Report  Ko.  Ul?A 


•.  Physical  form  of  sosapoond(  tImms  limiir,  crystalline  type,  <rtc.)  CrwtaTMriw  aolid 


9.  Simple  microecope  analysis  data:  

(erytia 1 eiodles) 

10.  BsasityiSscr©  aetfced)  1-733  gm/cmS. 


(miere  or  other  aetho t) 


/wqt\  nbrelela  on  MptfiU  ebeet  iny  sidqM  acthode  you  tut.) 


il. 


of  rdraetto*  (aft 


1*.  Cot^r  White  IS.  Odor 


fm/emS. 

Jae& 


14.  pH  St  25 *C.  *1,$  (btkod  raftnuM  OtHD  3101  «,(,  ur  0SSD  5968.  Indloete  aetbod  aaed,  l.e. 

aolrest  and  eoaonintlln  seed-  pi  laiioator  aw  or  ftMfcmn  |d  attar.)  ( riftr?rwfl«ri  ny  yapiHlyl 

With  Beckman  tiH  meter.  0.0091  K In  acetone /water  (SA  jolmft  ratio) 


as.  Mean*  pcte£  107-108  X. 
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Ondsr  eoepetcblllty  ea  m considering  the  ability  of  two  conpounda  to  ba  In  lntleeta  contact  (Seta 
OSUQ  5?58  p.  21~22j  over  a long  period  of  tint  altbout  adverse  affacta  on  either  tha  chemical  or  physical 
nrepartlaa  of  either  aatarlal.  Thaaa  taata  will  probably  ba  of  varied  extent.  Vb my  eight  ba  aene  of 
the  following!  (a)  Standard  viability  taata.  (b)  Simla  ebservstlone  of  vzadetlon  or  separation  at 
•afolant  or  accelerated  taapwratnra.  (e)  Prepare  thin  aheeta  (.025*  thick,  1"  square)  of  the  plaatlclsod 
notarial.  Separata  the  ahaata  a 1th  atrloe  of  elgaratta  paper  or  carbon  paper  and  eoRpress  the  eta  ex  in 
a *C*  elanp.  After  several  daya  note  tha  oily  eollaetlon  on  the  oapar.  Plaaaa  give  refaranoa  to  or 
deierlbe  orooadura  ua ad.  I tea  2s  la  to  indicate  raaulta  shan  the  ecsnound  i*  in  eantaet  elth  aane  neteri> 
nl  other  than  athyl  callulcss,  nitrocellulose  or  rubber. 


Compatibility  with  ethyl  cellulose: 


SO.  Com  pa  lability  with  nitrocellulose: 


Comparability  with  rubber: 


Compntablllty  with 


Polymerising  properties  of  the  new  compound: 

(a)  By  Itself  _ 

(b)  In  mixtures  (»lth  cddltlvee) 

(c)  Inhibiting  action  an  polymerisation  at. 

Thlokol  

Methacrylate 
Other  compounds 

Availability 

a.  Amount  now  available?  Research 

b.  When  was  available  material  first  prepare 

e.  Amoant  prepared  at  that  time?  

d.  Is  large  production  feasible  ? ~ 

e.  Plant  capacity  in  cxlstance,  Iba/day? 

f.  Outline  steps  for  a quantity  production  met 


01.  Additional  Information:  (tcxlelty,  hesafde,  deterioration,  oxygen  balance,  retoca  Vice!  TV  Vi  f VI|Uwit« 

poeer,  mm  of  hydrolysis  by  eater,  ate.  List  referenoee,  reports,  data  boohs,  ate.  that  refer  to  the 
eewpouad.) 


xrrmsn 
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COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPS LLANTS  AND  OTHER  EXPLOSIVES 


which 
that  i 
etatil 


inf ol- 
nettom 


prcridad  for  any  ltn,  ettaoh  separata  ikMti. 

COMPOUND:  1,1, !>?»?; ?: 9-Heptanitro-3-oxa-ll-keto- 


Name  5 . 7-diaza-decane 
Empirical  formal* 

S true  taro:  (confipiratl  an)  r 


Information  submitted  by. 

Activity  Aerojet-General  Coi 
Parso 0 MJP . Frankel  end  L. 


ration 


f 2 ?°2  f 2 f 2 ? 

C^CCHgNCHgNCO  + HOCI^CdTO,)^ — » CH^^NCKgNCOgCHgCtNO^ 

Ao„  *"  io„  ' 


HO,  HO,  NO, 

i 2 i Z \ d 


Preparation  reactions): 


C^CCHgNCHgNCOgCHgC  (1I02  ) ^ 

no2 


I.  Quantitative  analysis^  1*7  weight) 

Carbon 

Cakrulatsd  from  formula  1769 
By  determmanon  13.08 


Hydrogen 


Oxygen 


X.  Burning  properties: (capered  to  nitrocellulose,  under  nitrogen  at  atscapheric  measure:) 


S.  Stability  and  Sensitivity:  not  any  grape*  on 

separate  sheet 


T etc. 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

i. 


Recommended  method 


OSRD  3401  p.8 


Discus*  aathode  used  when  they  vary 
fr«n  references . Give  teaperwture  used 
(Oee  asperate  sheet  If  neeeaaary.) 


OSRD  3401  p.8 


LTS  OF  annare  Tim 


Reference  comnotmd  

(a— ijnetloo-m,  Tetryl,  *.C„  eto.) 
a-  Tpt.ryl  r IP  ky 


New  Compound  teat  results 


Report  No,  737 

SPlA/ta 


COHTTOKWTTAL 


By  Experiment 


By  C^cuiiUoo 


J2SSl 


eti/f  m . 
cal /jin 


3.  HMm  of  explosion  (Q) 

Tat  o«\  r20  liquid;  

6.  Moat  c£  c-'M'siWS'Si  (H-) 

(at  23^«  S20  liquid) 

1,  Specific  impulse  (Isp)  calc: 

®.  Physical  fora  of  compound (rlaaeua  Mould,  crystalline  type,  ate.)  Flaky  crvgtsli 


Method 

-sii 'irjzjsgr*- 


JM 


Aero. let  Report  No.  iil?A 


Ifc-sec/lb 


®.  Simple  microscope  analysis  data: 

(aryatal  st^diae)  - — * 

10.  DcnsltyiMeere  eethod)  1-79Q  jtm/enfl.  (Mare  ar  other  netbod)  , sm/cmS. 

(MOT.)  IBralaia  « asperate  -heat  any  unique  cethsds  you  sso.} 

11.  Index  of  refraction  ) 1*.  Color  White  13.  Odor  Kona . 

14.  pH  at  39%.  3af>  (Method  reference  ObXD  31X0.  o,4,  or  OSD  9968.  Indicate  uathod  need,  l.a. 

eolvent  and  ecooentretlooe  uaod.  pf  Indicator  oaoar  or  WarVuan  jfl  aetar.)  IdaMirRawiny  yapirily) 

With  Beckman  pH  meter.  0.0091  II  in  acetone/rater  (‘->'A  -rnlimm  ra-M n) 


»,  KsKstg  point:  liiO-lkl  % 
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Tatar  eow»U))im>  es  it*  corslderlug  the  nullity  of  tva  conroundn  to  be  lr>  lntleats  contact  (Not« 

031®  5758  p.  21-22)  o 1st  s Im^r  yvrioQ  of  tine  viihout  •ii>«rs:  «*  f'lot.a  on  either  ths  chseical  ™ physical 
orapertia*  of  althar  eat  trial.  Thai*  taata  will  pretao ly  bs  of  varied  sxtset.  Tbay  night  be  acme  of 
tlta  fol'.oalogi  (a)  Stsaosrd  atablllty  taata.  (b)  Simla  Observations  of  erode  ties  or  separation  si 
snblsat  or  accaleratad  teeps retire.  (e)  Prepare  thin  ahaats  (.025*  thick,  1*  square)  of  the  plasticised 
witarlal.  Separata  the  sheets  with  striae  of  cigarette  paper  or  carbon  paper  and  conpraas  the  stack  la 
a 5fi*  sleep.  After  several  days  note  the  oily  collection  on  the  caper.  Plaaaa  give  refarenca  to  m 

t.  srsccdurs  used.  Ites  U is  to  Indicate  results  when  the  cunoouna  is  in  contact  alto  sane  note  ri- 
al other  than  ethyl  cellulose,  nltroeelluloee  or  rubber. 


25.  ComneHlblilt;  wiui  mi h/i  cellulose: 


Cora  potability  with  nitrocellulose; 


Com  notability  with  rubber: 


Computability  with 


Polymerising  properties  of  the  new  compound; 

(a)  By  Itself  

(b)  In  mixtures  (»lth  additives) 

(c)  Inhibiting  action  on  polymerisation  of: 

Tblokol 

Methacrylate  

Other  compounds  

Availability 

s.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  st  that  time? 

d.  Is  large  production  feasible  7 

e.  Plant  capacity  in  extstnace,  Ibe/day? 

f.  Outline  steps  for  s quantity  production  method 


11.  Additions  1 information:  (todeity,  haasfdt,  deterioration,  oxygen  balance,  dstenatloo  rate,  explosive 

poser,  soso  of  hydroiyole  by  voter,  ote.  List  references,  reports,  dote  books,  ote.  that  refer  to  the 
ocapouad.)  ___ 
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DISTRIBUTION  LIST 


ADDRESSEE 


HO.  0?  COPIES 


Cosjuasding  General 
Aberdeen  Proving  Ground 
Maryland 

Attn:  Ballistic  Research  Laboratories 
OrtDBG-BLI 


Department  of  the  Arsy 
Office.  Chief  of  Ordnance 
Washington  25.  D.  C. 

Attn:  ORDTU 


Department  of  the  Army 
Office.  Chief  of  Ordnance 
Washington  25*  D.  C. 

Attn:  ORDIX-AR 


Officer  in  Charge 
Office.  Ordnance  he search 
2127  Myrtle  Drive 
Duke  University 
Dirham.  North  Carolina 


Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey 
Attn:  Library 


Co33»nding  Officer 
Redstone  Arsenal 
Huntsville,  Alabama 
Attn:  ORC  Technical  library 


Department  of  the  Air  Force 
£4.  USA?,  DCS/D 
Washington  25,  D.  C. 

Attn:  AFDRD-AR 


Denartment  of  the  Air  Force 
Kq'.  USAF,  DCS/D 
Washington  25.  D.  C. 


j>vT»n=*^—  •a 


Col.  Paul  F.  way 
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Coonan&Lng  General 
Wright -Patterson  Air  Force  Base 
Qeyton*  Ohio 
Attn:  SCEOH-2 

Ccsaerding  General 
Wrlght-Patter&on  Air  Force  Base 
Dayton * Ohio 
Attn:  WC1EN-3 


Allegany  Ballistics  Laboratory 
P.  0.  Box  210 
Cumberland*  Maryland 
Attn:  Dr.  L.  G.  Bonner 


Amour  Research  Foundation  of 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  16*  Illinois 
Attn:  Dr.  L.  7.  Griffis 

Atlantic  Research  Corporation 
812  North  Fairfax  Street 
Alexandria*  Virginia 
Attn:  Dr.  A.  C.  S cur lock 

U.  S.  Bureau  of  Mines 
U8G0  Forbes  Street 
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Attn:  Dr.  Bernard  Lewis 
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Rockaway*  New  Jersey 
Attn:  P.  F.  Winter  nits 

Frperisent*  Incorporated 
P.  0.  Box  1-T 
Richmond  2,  Virginia 
Attn:  J.  W.  Mullen  II 

Dr.  A.  id.  Ball 

Hercules  Experiment  Station 

Wilrdngton,  Delaware 

Jet  Propulsion  Laboratory 
U800  Oak  Grove  Drive 
Pasadena  3*  California 
Attn:  Dr.  Louis  G.  Du:® 
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B.  F,  Goodrich  Company 
Research  Center 
Brecks  villa,  Ohio 
Attn:  Vice  President/Raaearch 

Arthur  D.  little,  Inc. 

30  Memorial  Drive 
Cambridge  h2.  Mass. 

Attn:  Dr.  C.  S.  Keevil 

Arthur  D.  little,  Inc. 

30  Memorial  Drive 
Cartridge  U2,  Mass. 

Attn:  Dr.  V.  C.  Lothrop 

Shell  Development  Company 
Emeryville,  California 
Attn:  F.  0.  Bollo 

Thiokol  Corporation 
Elk ton  Laboratories 
Elkton.  Maryland 
Attn:  D.  W.  Karshner 

University  of  Minnesota 

Oak  Street  Laboratories 

2013  University  Avenue 

Minneapolis,  Minnesota 

Attn:  Prof.  B.  L.  Crawford,  Jr. 

National  Fireworks  Ordnance  Corp. 
West  Hanover,  Massachusetts 
Attn:  Mr.  S.  J,  Porter 

Dr.  Harold  Shsohter 
Department  of  Chemistry 
Ohio  State  University 
Columbus,  Ohio 


Report  Mo.  737 
NO.  OF  COPIES 

1 

1 

1 

1 

1 

1 

1 

1 


Ohio  State  University 
Research  Foundation 
Columbus  10,  Ohio 

Attn:  Prof..  M.  L.  Wolfrom  1 

ttiillips  Petroleum  Company 
Bartleeville . Oklahoma 

Attn:  Mr.  J.  P,  Alien  1 


CONFIDENTIAL 


l ag®  3a 


!■  . . f I 


CONFIDENTIAL 


Report  Ho.  737 


ADDRESSEE  NO.  OF  GOSIZS 

Project  Squid 
Princeton  University 
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Purdue  University 
Dept,  of  Chemistry 
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Attn:  Dr.  Henry  Feuer  3 

Rohm  and  Haas  Company 
5000  Richmond  Street 
Philadelphia  37,  PA. 

Attn:  Dr.  J.  F.  Kincaid  1 

Rohm  and  Haas  Company 

Redo tone  Arsenal  Research  Div. 

Huntsville,  Alabama 

Attn:  Dr,  Clayton  Huggett  2 

Solid  Propellant  Information  Agency 
Applied  Physics  labors  tO.  jr 
The  Johns  Hopkins  University 
Silver  Spring.  Maryland 

Attn:  Ur.  Rosa  H.  Petty  6 

Standard  Oil  Company 
Research  Department 
P.  0.  Box  U3l 
Whiting,  Indiana 

Attn:  Dr.  V.  H.  BahlJce  1 

Office  of  the  Chief  of  Ordnance 
Department  of  the  Ansy 
Washington  25,  D.  C. 

Attn:  ORDTA  Explosives  and  Desx>lition  Section  1 
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Department  of  Chemistry 
Louisville  3,  Kentucky 
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U.  S.  Naval  Powder  Factory 
Indian  Head.  Maryland 

Attn:  Research  and  Development  Dept.  2 

Commander 

U.  S.  Naval  ftroving  Ground 
Dahlgren,  Virginia 

Attn:  11.  I.  Division  1 
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Director 
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Office  of  Naval  Research 
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